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centrations.   Sample collection and handling procedures have been
summarized elsewhere (Barcelona et ah, 1990).

AQUIFER PREPARATION

Before applying in situ bioremediation, the source of contamina-
tion must be detected and mitigated, major accumulations of free
product must be removed, and mechanisms for plume containment
must be installed. Contaminants entering the subsurface partition
into different phases due to sorption, volatilization, and dissolution
processes. Contaminant partitioning impedes pump-and-treat removal
methods and may decrease the contaminant's availability to micro-
bial degradation.

Source and Free Product Removal

The first step in most aquifer remediation efforts is removal or
mitigation of the contaminant source: excavation of leaking under-
ground storage tanks, plugging or repairing leaking surface impound-
ments or landfill liners, restricting intentional or unintentional land
application, and similar measures. Removal typically is achieved by
excavating the most contaminated surface soils and drilling wells to
pump out the most concentrated source material. Liquid contami-
nants, which often exist as nonaqueous-phase liquids, or free prod-
uct, are drawn into the subsurface by gravity and capillary action
within the porous media. Free product that is lighter than water,
such as petroleum hydrocarbons, tends to migrate downward through
the unsaturated zone until hitting an impermeable layer or the water
table, where it spreads laterally. Free product that is denser than
water, such as many of the chlorinated solvents, would continue to
migrate downward through the water table and saturated zone until
reaching an impermeable barrier. Free product can be removed from
an aquifer by direct pumping using production wells alone or combi-
nations of injection and production wells to cause directional migra-
tion of the floating or sinking product. However, most pumping
strategies will be capable of removing only part of the free product
from the subsurface, leaving the remainder of the organic material
trapped in pores as residual free product, dissolved in the surround-
ing ground water as a contaminant plume, sorbed onto the solid
subsurface material, or volatilized into the gas-filled pores of the
unsaturated zone. Additionally, the location and removal of sinking
free product typically represent much more of an engineering chal-
lenge than that of floating product, often resulting in low recovery
efficiency.